Sample structure and properties:
The sample structure (Fig. S1) consists of, from the surface side, d = 5 nm (In,Mn)As for sample A (d = 4nm for sample B), 5 nm InAs, 200-300 nm (Al,Ga)Sb (Al composition 0.8) and 50 nm AlSb on semi-insulating (001) GaAs substrates. The AlSb and (Al,Ga)Sb layers serve as a buffer layer structure, at which most of the 7% lattice-mismatch between the GaAs substrate and the epitaxial layers is relaxed. The thin InAs buffer layer ensures the two-dimensional growth of the subsequent (In,Mn)As layer and improves its magnetic quality. All the layers were grown by solid-source molecular beam epitaxy; the AlSb and (Al,Ga)Sb layers were grown at 550 o C, the InAs layer at 450 o C, and the magnetic semiconductor layer at 240 o C. A Hall bar geometry mesa was first formed by Cl dry-etch removal of the unwanted epitaxial layers defined by photolithography. Then a 0.9 µm thick SiO 2 gate insulator layer (relative dielectric constant 3.3) was spun-on. Finally, the Cr (5 nm)/ Au (95 nm) gate electrode was defined by a lift-off process. The gate capacitance and the resistivity change upon application of electric fields yield (1.6 ± 0.3) × 10 20 cm -3 hole concentration in the (In,Mn)As layer at zero applied field. DC current in the range of 2 -6 µA was used for all the electrical measurements. No change in the electrical and magnetic properties were observed in this current range, indicating that heat generated by the DC current is small enough not to disturb the features reported in this study. Fig. S1 . Schematic cross-section of the sample structure.
